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@ AND JLE.
m From the U. S.
@ 2\ number of evaluations of the cfh-
cacy of nonviable accines against ex-
my perimental  coccidividomycosis  have
" been made in laboratory animals. Ne-
yroni et al (1949) and Vogel et al (1954)
used guinea pigs for their studies.
Friedman and Smith (1936). Levine et
al {1960, 1961), Converse et al {1962),
and Kong et al (1963) used mice. Levine
et al {1962) and Sinski et al (1963) vsed
monkcys. All these investigators found
that, although survival time of the im-
nmunized animals could be extended by
the vaccines used, the majority of in-
fected animals harbored viable Coccidi-
oides immitis for long periods after chal-
lerge.

Campbell and Hiil (1959) in ther
studics of therapy in experimental coc-
‘ndnoldomvcoss of -mice found that the
prcsolubulxzcd form of amphotericin B
for intravenous usc was more reaGiiy
absorbed from the gastroinzestinal tract
than was the preparation made for oral
use. The drug was well tolerated and
demonstrated no apparent clinical sde
cficcts. These invesiigators were ~ble to
prolong survival in mice challeaged with
C. immilis by mixing amphotericin B in
the drinking water.

The purpese of this study was to com-

Rexeived for puliication July 27, 1964,

Animak were mamtained in compiance with
the ~Principles of iatoratory Animal Carc™ as
proma’zated by the Natiomal Sackety: for Medical
Rescanch (1961, Bio-Madial Parview 1213

® Present addeess: U SO Army Modizal Re-
scarch and Nutrition Laboatary, Fitzstemoms
Gereral Hospital, Denver, Colorada,

$ Fresent address: Schood of Veterimry Medi-
Cne, Ol'o State Unnversity, Columilsas, Ohic.
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OF CAXINE

-

pare in the dog (a) the cfficacy of a non-
viable vaccine administered via the pul-
monary route with that administerced
subcutaneously and (b) to determine the
degree of protection afforded by the vac-
cinations in combination with ampho-
tericin B therapy-.

METHODS

Organism—The organism used in
these experiments was C. immitis. strain
Silveira. grown on modified Sabouraud
(0.1%; veast extract) agar platesat 34 C
until arthrospores werce formed and har-
vested as a dry péwder by vacuum ap-
paratus after. desiccation of the plates.

I aranc.-——l\tllai VaCCines ‘were pre-
parcd by exposurc of the arthrospores to-
0.3‘}“0 aqucous formaldchyde it 25 C for
48 hours. The arthrospores were ther:
washed and resuspended in normal sa-
fine at concentrations of 8 mg ner mli
(drv weight) for the subcutneous and
tratracheal vaccines and 40 mg per ml
for the acrosol vacdine.

Faccrnation—Pualinonary vaccination
was zccomplished cither by inhalation
of the aerosolized vaccine or by intra-
tracheal instillation of the spore suspen-
sion.

A plastic box with a volume of 2 cubic
fect (equipped with an air filter to main-
tain normal air pressure within the boxj
was used as an acrosoi chamber. Two 3-
inch ports covered with it rubbes dia-
phragms permitted the insertion of the
dogs’ muzzles iniio thechamber fora 10-
minutc cxposure to the acrosol. The
nozzle of a no. 15 DeVilliss nebulizer
was inserted through a small hole in the
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end of - the box. Four ml of the vaccine
(40 mg per ml) were aerosolized in the
chamber over a period of 3 mirutes.

Intratrackeal vaccination was ac-
complished after tranquilizing the am-
mals with Sparine (promazine hyvdro-
chloride. WWveth Laboratories, Inc.).
One hand of the assistant was placed
over the mouth and muzzle of the supine
animal, 1 mi of the vaccine (§ mg per
ml) was injected mtmtncl‘&nll\' 3 cm
below the larvnx from a 2-ml hypoder-
mic syringe fitted with a threc-quarter-
inch 20-gauge needie, the animal was
immediately lifted with the head up, and
the airway was occluded momentarily.
Removal of the hand from the muzzle
resulted in immediate inspiration of the
vaccine suspension in the trachea.

Subcutareous vaccination  was made
by~ injection of 1 mlofgbe\'amne (Smg
per mi) in the lateral thorax immedi-
ateli posterior to the scapula.

All vaccinations were n:paned aftera
2-week peniod.

Respiratory tballagt The challenge
acrosol was generated in a 6200-iter test
chambcr (\\olfe. 1961) by comipressed
air.. Tlv force ‘generated by rupture of
the diaphmgm covering the end of 2
metal tube coataining viable, dry C. im-
mifis arthrospores disseminated them
throughout the chamber. The theoreti-
cal inhaled dose was cakculated from the
cioud concentration, the average volume
of caninc lungs, the canine respiration
rate, and the length of exposure. Cloud
concentration was determined by plate
counts of the contents of fiiter paper
sampiers  through  which  measured
amounts of the acrosol had been drawn.

Therapy—Oral therapy with presolu-
bilized amphotericin B (Fungizone,
E. R. Squibb & Co.) was administered
cither in the drnking water or mixed
with the food in a split dosc of 75 myg
twice a day for 20 days. The total dose

approximated 3 2.

Pathology—The animals were s cri-
ficed with veterinary Nembutal {Abloit
Laboratories). Their gross pathology
was recorded, and tissues from all vis-
cera were fixed in 109; formalin, em-
bedded in paraffin, serially sectionad,
and examired histologically after stain-
ing with Giemsa, Gomon silver methen-
amine, and Zichl-Neclsen acid-fast
stains.

" RESUCLTS

Three groups of mature, mixed breed
dogs of both sexes, 7 to 10 kg in weight,
vaccinated either subcutaneously, intra-
tracheally. or via the respiraiory route
by inhalation, received a respiratory
challeage of approximately $0,000. ar-
throspozes 30 daxs after the scoond vac-
cination, as did another group of non-
vaccinated dogs. Unchailenged treated
dogs and vaccinated dogs (2 per group)
were maintained as drug and vaccne
controls.

Immediately after respiratory chal-
kngehalfo‘thedogsmmchofthc.i
cspenmen(al groups were plzced on an
oral ampbotc:mn B therapy regimen of.
130 mg per day (dissolved in the drink-
inz water) for 20 days. Eight weeks after
chaiienge complete necropsies with his-
tological studics of all inicrnal organs
were made on ali animals.

Figures 1 through § illustrate the
pathological changes noted in the an:-
mals in cach of 2 experiments. Each
photograph is representative of 2 large
number of serial tissue sections from afl
aninals in its respective group. In addi-
tion, figures 5 through S serve to visual-
izc the erms negative, minimal, moder-
ate, and severe pathological involve-
ment, referred toin tables 1 and 2.

In the first experiment neither of the
pulmonary routes of vaccination pro-
vided protection alone or in combina-
tion with-amphoterian B, nor was pro-
tection provided by amphoterian B
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Ficuxe 1—Langs froe dog 144, subcutanconsdy vacaimated.

F16CRE 2—Lungs froen dog S1H. treated with oral ampleterican B. Botk 1.4 and 31H received
a respiratony: chalienge of 30900 Cevadicdes fmmitis artheospores. Note bossehited apmarance doe
20 surface and subsurface coccidioadal JesSons.

PK"IES3‘“1!-L-—L|mg_< from dogs 1.38 and TG, nespectinddy. These animals recedved both sub-
cutancous vacdine and therapy, the former 2 reparatory chalicnge of 80000 and the lLatter 7000
aribrospores. Note the essectially notmal appearance of thee lungs as coatrasted to the<c of higonss
1and 2.

alonc {table 1j. The animals in these  ion to the Ever, spleen, and adrenal
groups and in the nonvaccinated con-  glands. On autopsy the surfaces of the
trol group developed moderaic tosevere  lungs were bossclated in appearance
pulmonary coccidioidomycosis, and in 1 (Ggures 1 and 2), and’ there were many
instance, dog 74L, these was dissemina-  scattered, palpable nodules throughout

TN

L e e

e

.

»h




o e W e

e Y 1 S RO AT A 2 ¢

.

,t(fvp:gAw‘- e "

F1GCuES 5 AXD 6.—Stained histoiogical sections of the kenps of dogs 1.38-and T80, respectively
(Bgure< 3 and 1). L38 was micrescopically diagnoed as nezative 20 coccidicidomyross, T as
minimally involved. Three focaliaed granalosmata may be seen in gure 6. 23X

all Jobes. On sectioning these noduies

gave the appearance of cascous, necrot-

ic granulomata (figure 7). Microscopic
Tame L—Protectne dffect of route of vac-

cication and amphaterici B on the
devdiopment of pulmocazry coog-

examination revealed many C. immilis
spherules in ail stages of development.
Protection was noted caly in the subcu-
tancously vaccinated and treated ani-

Tame 2—Protective effect of subcataneous

dinsdommycasis in dogs vaacmation and amphotericin B on the
—— devdopment of pulmonary coccidiosdo-
Vaciatim Teeated Neg treased myoests @ dogs
O Aefmal Rewdu  Axiwal  Resdks =
Vaocsased: tr=aged Not rarcmsed: ot treted
Aczomod i, <23 4L +i3
. oK <=+ M3 +23 Axmol Keealts Amimal Resaks
Y T soe i
Sabrrtamcecss L3S o K L+ ™ +
33 . Leg 333 2 -
- 32 - The 5 51s -
Ietnatrachen) INE - N +3 T -
- M < 5 L] N <+
- »K i3 M 4 T . 72 RS
No vaccmnied  9N2 g asN b ak? <+ St <4
Coomszcdsy a4 L < ™ . | Xad +E 55
2 33 uN 3+ oRs ™ Te: 353
O, negative; <, mmiacal; <3, moderate; $-3-4. seveve, @, aegative; +, ';_ s $-4. mederate; -3, severe,
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FIGURE 7-—Stained lung sectiva irom dog L1 {(Ggure 1), diagnceed a5 moderately imofved, 1.5 X
F:orrE &—Staiacd section from luog of dog RI?, diagnosed as severely izvolved. This dog wasa
nonvaccizatad, untreated control animal receiving = nespizatory chalizoge dose of 7000 arthrospores.
Noze the numerous kestons in fgures 7 and 8, showing consolidation and (ividence of caseous necrosis.

1.3X.

mals (figurcs 3 and 3). Scveral dogs in
the subcutancously vaccinated group
developed sterile abscesses at the vac-
cination site. Dog 6L9, presumably vac-
cinated iniratracheally, developed a
similar abscess 1o the right of the
trachea following his first vaccination.
This. essentially a subcutancous vaca-
nation, n:ay cxplain the lack of histo-
pathological changes in this animal.
Thke promising results obtained from
the subcutancousiy vacanated and

treated dogs led to a repetition of this
portior: of the work in a second experi-
meent. All the conditions of the first ex-
periment were repeated, except that 9
dogs were subcutancously vaccinated
instead of 3 as before. These 9, plus 4
additional unvacanated. untreated
dogs, were then challenged via the
respiratory route with an average in-
kaled dose of 7000 arthrospores. Ampho-
tericin B {150 mg per day for 20 days)
was again .disohtd in distilled water,
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but for this experiment it was adminis-
tered as a split dose given twice daily
mixed with the animal’s food. In both
experiments close attentien was given
to assure the dog's fuli daily receipt of
drug. No vomiting, diarrhea, or other
untoward reactions were ever noted.
Two unchallenged untreated dogs
served as environmental room controls.

Ten weeks after challenge all animals
were necropsied. The results of this
experiment are shown in table 2. In
striking contrast to the severe disease in
the control arimals (figure §), only 4 of
the 9 dogs receiving vaccnation and
therapy demonstrated any histopatho-
Jogical changes. These changes were
very minimal (figure 6) and indicative
of self contained disease.

The vaccine control dogs (vVaccinated,
untreated, -unchallenged), the environ-
mental contols (nonvaccinated, un-
treated, unchallenged}), and the drug
controls (ronvaccinated, treated, un-
challénged) were without histclogical
interest. intensive examination of the
kidney tissues of all dogs receiving
therapy ameunting to a total dose of
more than 3 g failed to disclose renal
changes due to amphotericin B.

DISCUSSION

Hitchner and Reising (1932) demon-
strated the feasibality of imparting im-
munity by inhalation of acrosolized at-
tenuated microorganisms. As pointed
out by Akksandrov and his associates
(1958). one of the principai advantages
of this method is the case and rapidity of
vaccanating large groups. Eigelsbach
and co-workers (1961} found cvidence
that aerogenic vacanation with attenu-
ated Pastcurclla tularcnsis afiorded per-
haps greater inumunity against tulare-
mia than did the dermai route.

Sinski ct 2i (1963) reported decreased
mortality in monkevs immunized with
killed, acrosolized C. immilis arthre-

E

snores_ although all of the animals con-
tracted pulmonary coccidioidomycosis
when exposed to the live organism via
the respiratory route. The results ob-
tained in our study also ndicated that
the immune mechanism was not sufii-
ciently stimulated by inhalatien of
killed arthrospores to prevent infecticn.
1t is postulated that the lung clearaace
mechanism disposed of the arthrospores
as nonviable particulate matter in saffi-
cient quantity to prevent an apparent
response.

No explanation is offerad for ihe
sterile abscesses that occerred at the in-
jection site in the subcutancously vac-
cinated dogs. This reaction was subse-
quently greatly reduced, but not en-
tirely eliminated, by dividing the dose
ard administering it in scparate sites.

The nonvaccinated but treated dogs
were surprising in their positive responsc
to chalienge. Previous amphotericin B
therapy of mice in these laboratorics
{Converse et al, 1963) had substantiated
the results of Campbeli and Hill (1959),
and it had been believed that the dogs
would-at most show ranly minimal re-
sponsc to challenge. |

Cultural studies of the fung tissues in
these experimentis were not made, since
previous experience in our laboratories
had shown that, almost aithout excep-
tion, C. immitis can be cultured from
the tungs of nonvaccinated challenged
mice, monkeys, or dogs and that it is
verv difficult to culture C. immitis from
vaccnated animzals with minimal, focal-
ized, self contained cocaidioidomycosis,
cven when spherules can be seen in his-
tolezical sections stained with specific
fungus stains. In the latter instance the
possshility exists that, cven though the
erganism can be seen in the lesion, it
may be nonviable.

Bell et al (1962) have reporied in an
addendum the possible association o
human and canine renal tubuiar damage
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with intravenious administration of am-
photericin B. Sanford ct al (1962) de-
scribed a acphrocalcinosis and marked
morphological changes iz 3 renal biop-
sics of human patients, with distinct
renal functionil deficits being noted in
all patients intravenously treated with
amphotericin B. However, no histologi-
cal evidence of renal damage attributa-
ble 1o the use of amphotericin B was
scen in the 2 drug control dogs or in any
of the animials receiving treatment. A
slight increase in the blood urca nitro-
gen valies of the drug-control dogs was
noted during and shortly beyvond the
test period. However, these values re-
mained well with:n normal limits. Ai-
though the blood scrum levels of the
drug were nct determined in our dogs,
the abs~ace of renal damage is attrib-
uted to the small amcunts absorbed into
the blood stream fron: the digestive
tract.

It has been shown in this paper, and
by Castleberry et al (1962) and Sisski
ct al (1963}). that dogs exposed to
respiratory doses as low as 2000 to
10,000 C. immilis zrthrospores can be
cxpected to develop severe or dissemi-
nated (extrapulmonary) discase. The
number of dogs used in this study is ad-
mittedly small. However, § of 12 dogs
subcutaneously vaccinated and subse-
quently treated were negative to severe
acrosol challienge with 7000 to 80,000
arthrospores. The remaining 4 re-
sponded very minimally.

it is cvident that the incdence and
seveni'y of cocaidioddomycosis in acro-
sol-challenged dogs can be safely and
matenally reduced by combining the
physiological effects of a subcutane-
ousivy administered killed arthrospore
vacane with daily. orally administered,
presolubilized amphotericin B, If a
coroliarvy may be drawn between man
and dogs. this may well be an excellent
proiection tc workers in the ficld of coc-

cidicidomycosis; i e ; routine suhcutana.
ous injection of a vaccine of this typeor
of the type developed by Levine et al
(1962), combined with low oral doses of
amphotericin B at the time of known
laboratery accideuts.

SUMMARY

A 3-phase study of vaccination and
antibiotic therapy in experimentai pul-
monary coccidioidomycosis of dogs was
made to determine (2) the efficacy of
various routes of inoculation of a form-
aldehyde-kitied arthrospore vaccine,
{(b) the combined efiects of vaccination
and oral amphotericin B therapy ad-
rinistered immediately following respir-
atory exposure 16 Coccidioides immilis,
and (cj renal damage or nephrotoxicity
resulting from oral amphotericin B
therapy. Neither of the pulmonary
roates of vaccination (aerosol or intra-
tracheal). cither singly or in combina-
tion with orai amphotericin B therapy
(150 myg per day for 20 days following
chaileage), provided protectien ayinst
a subsequent respiratory challenge of
approximately $0.000 C. immitis arthro-
spores. Neither subcitancous vaccina-
tion nor themapy alone provided protec-
tion. llowever, § of 12 dogs receiving
both subcutancous vaccination and
therapy completely resisted the respara-
tory challenge. The remaining 4 ex-
hibited very minimal, self contained
discase. Histopathological examination
revealed no renal damzge or nephro-
toxicity in any of the dogs receving
ampkhotericin B in a total dose of more
than 3 g, and their blood urca nitrogen
levels remained within normal limits.
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